A simple method is described for detergining the performance of a free space optical communication link. The method can be used either in the system design (synthesis) mode, or in the performance evaluation (analysis) mode. Although restricted to photo counting based detection (eg. photomultiplier tube or equivalent) of pulse position modulated signals, the method is still sufficiently general to accommodate space-based, as well as ground-based, reception.
INTRODUCTION
Experience over the years has produced a high degree of familiarity and intuitive understanding of RF communications. Not only engineers, but managers and users as well, generally appreciate that doubling signal power can double the data rates and that a bit SNR of 10 dB results in quite good, but most likely not overdesigned, performance. This intuition is facilitated by the fact that an RF communications link is usually limited by the thermal noise of the communication receiver and the performance of the link is determined once the received signal to noise power ratio is specified.
For a deep space optical communications link, the dominant performance limitation is usually not related to noise in the receiver but due to received background noise (light Then, the number of detected photons per pulse is 321.
Determine Number of Detected Noise Photons /Slot: The next task is to determine the number of background generated noise photons which the detector senses (on the average) per PPM slot time. Table 1 shows the approximate count rates for a variety of extended sources (i.e., bigger than the detector f ield of view) as well as a number of point sources (those smaller than the detector f ield of view). The parameters assumed in the calculations are shown in the lower portion of the table. Background noise outside the atmosphere 1 E-8 For diff'erent situations, the geometry and efficiencies still determine the signal counts per transmitted pulse. However, the noise count rates must be scaled to the new set of conditions. Table 2 gives the scaling rules for this operatiorn To see how these rules are used, we will now calculate the aperture size required for spaceborne reception in the above example which will produce approximately a 3 dB link margin. We note that maving the receiver outside the Earth's atmosphere will reduce the background count rate by a factor of two due to deletion of the daylit sky. However, (see Table 2 ) the count rate from Mars will double due to the loss of the Earth's atmospheric attenuation. Thus, a 10 meter aperture in space will have the same background count rate as one on the ground (in this particular example and assuming the same detector field of view). Recall that in the previous example the link was more than 10 dB overdesigned and the detector field of view (5 urad) was limited by atmospheric seeing. Let us assume that for spaceborne reception the field of view is reduced to 2 urad (which is still substantially larger, ie., worse, than diffraction limit). Note from [1) .
